Blockade of the brachial plexus provides ideal conditions for upper limb surgery and avoids the problems and complications of general anaesthesia. However, anaesthesia following brachial plexus block is occasionally incomplete and success may not be predicted with confidence for a considerable time after the injection of local anaesthetic. The traditional method of assessing the degree of anaesthesia produced by brachial plexus block is based on the repeated use of a painful stimulus, usually pinprick. If sensation is intact, this may be unpleasant and may rapidly destroy patient confidence. Results obtained by these means are subjective and may be difficult to interpret if inconsistent, or if patient co-operation is poor. If the block fails, or is inadequate, further time is required to establish general anaesthesia or a suitable alternative technique. A simple early non-invasive predictive test of success would allow brachial plexus block to be used with greater confidence.
The palmar surfaces of the hands and feet have a reduced skin electrical resistance (SER) compared with the rest of the body [1] . The actual value of skin electrical resistance depends upon the activity of the sympathetic nervous system and is a direct result of changes in the degree of skin sweating. Skin electrical resistance is reduced as body temperature increases and is increased during sleep or when body temperature decreases. Following thoracic sympathectomy, these changes 
SUMMARY
Skin electrical resistance is determined by the degree of sweating of the skin which is, in turn, related to sympathetic nervous system activity in the area concerned. It is increased when the nerves supplying the area are damaged or blocked by local anaesthetic agents. We have assessed the temporal and spatial relationship between the onset of sympathetic and sensory loss in the hand following brachial plexus block in 44 patients. Skin electrical resistance, measured using a simple ohm meter, has been shown to increase within 2 min of brachial plexus blockade with 1 % lignocaine and adrenaline 1:200 000. This increase is an early and reliable indicator of subsequent, and occasionally delayed, sensory loss.
are not observed and the resistance remains high [2] . Skin electrical resistance also increases following traumatic damage to, and local anaesthetic block of, peripheral nerves [3] and, under these circumstances, geographically identical areas of analgesia and increased skin electrical resistance are demonstrated. The correlation between loss of sensation and loss of sweating, associated with changes in skin electrical resistance, has been confirmed for a variety of nerve injuries [4, 5] using various techniques [4] [5] [6] [7] [8] [9] .
This study was designed to establish whether success could be predicted, soon after brachial plexus block, from changes in the skin electrical resistance of the hands. plexus block, were studied. Informed consent was obtained from all patients and approval for the study was granted by the hospital ethics committee. Patients deemed unsuitable for a regional technique and those with a chronic peripheral neuropathy were excluded. Anxious patients received premedication with a benzodiazepine by mouth.
On arrival of the patient in the anaesthetic room, baseline recordings of sensation to pinprick and measurements of skin electrical resistance were obtained from each hand as follows:
(a) The presence (P) or absence (A) of sensation to pinprick over the medial and lateral aspects of all accessible digit tips of each hand was recorded. Data were obtained from each of 20 sites, a-t, shown in figure 1 . Sites a-j always identified the 10 test sites on the digits of the arm which was to undergo brachial plexus blockade. Further recordings of pinprick sensation were made 10, 20 and 30 min after completion of a brachial plexus block. Sample sites that were inaccessible or those known to have suffered acute neuronal damage were excluded from the study, as it is known that SER is increased in these circumstances.
(b) Measurements of skin electrical resistance (MQ) were obtained over the medial and lateral aspects of all accessible digit tips of each hand ( fig.  1 ). Skin electrical resistance was measured using a hand-held probe [10] with two isolated, leadcoated electrodes 1 cm apart at the probe tip (fig. 2). A force of 2.5 N was required to depress the spring-loaded shaft of the probe fully, before the activation of a switch, thus ensuring a standard pressure at the probe-skin interface. The resistance between the two electrodes was displayed on a digital readout ohm meter, with a range of 0-20 MQ for patients 1-31 (group 1) and 0-200 MQ for patients 32-44 (group 2). Each ohm meter was powered by a 9-V battery and had dimensions of 78 x 110 x 20 mm. Further recordings of skin electrical resistance were made 2, 4, 6, 8, 15 and 30 min after the completion of a brachial plexus block. Resistance was not recorded from sample sites that were inaccessible or from those known to have suffered acute neuronal damage.
Following the recording of baseline measurements, a brachial plexus block was performed on all patients using the supraclavicular approach described by Moore [11] . Thirty millilitre of 1% lignocaine with adrenaline 1:200000 was deposited in the region of the plexus after the demonstration of paraesthesia. If paraesthesia was not obtained, but the subclavian artery inadvertently contacted, local anaesthetic was placed around and lateral to the artery. In the event of neither of these occurrences, local anaesthetic was distributed in the region of the plexus as indicated by standard landmarks. The success of each supraclavicular block was classified as full, partial or absent. A full block occurred when pinprick sensation was absent in all of the sites a-j. Partial block occurred when pinprick sensation remained in one or more of the sites a-j, 30 min after the injection of the lignocaine. Supplementary anaesthesia was given to any patient in whom regional anaesthesia was insufficient for the safe and comfortable conduct of surgery. (A partial block did not necessarily indicate a need for supplementary anaesthesia.)
Statistical analysis of data
Statistical analysis of data in this study was made using unpaired t tests on the Statistical Analysis System under MVS/TSO run on an IBM 4341 computer at Yale University, Connecticut, U.S.A.
RESULTS
Forty-four patients were studied, 31 in group 1 and 13 in group 2. Patient data and information concerning the success of the brachial plexus blocks are given in table I. Eighty-five percent of blocks were satisfactory for the completion of surgery.
The maximum number of skin electrical resistance recordings possible was 4960 in group 1 and 2080 in group 2. Data were obtained on 4479 occasions (90.3%) in group 1 and 1992 occasions (95.8 %) in group 2. Absent fingers or the presence of acute wounds or dressings prevented the recording of data on 263 occasions in group 1 and 48 occasions in group 2. Data were not recorded on the remaining occasions because of other technical difficulties.
In order to determine the predictive value of the skin electrical resistance readings, the sample sites a-j for a given patient were classified into those which, at 30 min after brachial plexus block, demonstrated either full anaesthesia (A) or continued to have sensation to pinprick (P). Sites on the limb which had not undergone block, that is k-t, were categorized as controls (C). For each classification (A, P or C), an average value of skin electrical resistance was calculated for each patient at each time interval (0, 2, 4, 6, 8, 15 and 30 min). A final mean value (mA, mP and mC) for each time interval was determined for each classi- (table II) .
The results show that there was no statistically significant difference in skin electrical resistance between the two hands before the performance of the brachial plexus block. However, following the block, there was a steady increase in those areas which subsequently became anaesthetized. In those areas of the blocked hand where no change in sensation occurred the increase in resistance was smaller.
Further analysis of the data revealed that a significant difference in skin electrical resistance existed, between those areas which subsequently became anaesthetic at 30 min and those that did not (mA, v. mP). This difference was apparent 4 min after the injection of lignocaine in group 1 and after 8 min in group 2. A comparison of mean skin electrical resistance values from areas which subsequently became anaesthetic with those from control areas (mA v. mC) demonstrated a significant difference as early as 2 min after blockade in groups 1 and 2.
An analysis of the data from the three patients in group 1 in whom the brachial plexus block failed totally to produce a somatic block revealed no statistically significant change in the resistance values when compared with the control areas (table III) . DISCUSSION The potential for the use of changes in skin electrical resistance as an early guide to the success of a brachial plexus block is based on the selective action of local anaesthetics on different nerve fibres. The function of unmyelinated postganglionic sympathetic C fibres is blocked in advance of the myelinated A5 fibres in a mixed peripheral nerve. Therefore, a reduction in sym- pathetic activity to an arm could be expected to herald a subsequent sensory or motor block following brachial plexus anaesthesia. Analysis of our results confirmed an early alteration in skin electrical resistance in areas where sensory loss occurred subsequently. Significant changes were detected after 2 min when compared with the control hand, although when compared with unblocked areas on the same hand, discrimination was delayed slightly, to between 4 and 8 min. We can conclude, therefore, that this technique is suitable for the early prediction of a successful sensory block.
The ability of the skin electrical resistance to determine which areas would subsequently become anaesthetic appears to be less precise if comparisons are made within the same hand rather than with the control hand. This suggests that, 30 min after a block, the function of some autonomic fibres in the "block" arm has been suppressed without alteration of the somatic supply to the same area. There may be two reasons for this: first, that the sympathetic supply to the arm is not dermatomal and that there is considerable overlap in the sympathetic supply to the skin; second, that, sympathetic fibres are blocked but the corresponding sensory fibres are not. The latter might imply that, given sufficient time, the sensory fibres in this region might also become anaesthetized.
Richter [3] , studying the ulnar nerve, stated that the margin between areas of high and low skin electrical resistance was sharp and followed the distribution of the blocked or damaged nerve. In general terms, we are unable to confirm this, possibly because we studied the brachial plexus rather than an isolated peripheral nerve. The brachial plexus, unlike the ulnar nerve which is isolated from other neural tissue at the elbow, is formed of large numbers of fibres destined for many somatic areas. These are eventually spread widely within the limb and endow the potential for differences in diffusion of local anaesthetic in a non-uniform manner throughout the plexus.
Although we used two different ohm meters in our study, it was not our intention to compare their function; an ohm meter with a wider range became available for use with group II patients. However, it is apparent, from the baseline values of skin electrical resistance, that either there was a slight difference in the function of the two ohm meters used in our study or the two groups were not, in fact, from the same population.
However, the trend of results in both groups is identical and statistical significance occurs at similar points for each group. The explanation of these minor differences is difficult to document, but may have arisen as a result of an inherent difference in sensitivity within the ohm meters. The use of a machine with a wide measurement range, as in group 2, is to be encouraged as it allows greater separation of values of skin electrical resistance from "blocked" and "unblocked" areas.
Although we have documented a definite statistical significance between blocked and unblocked areas, we find it difficult to give any definite guidelines concerning the sort of value which would indicate loss of sensation. However, as a rough guide, a value of skin electrical resistance in excess of 20 Mfi appears to have been a fair prognostic indicator. This is in keeping with the results obtained by Wilson [5] , using the first of our machines, which showed that a resistance of 20 MQ in combination with absence of sensation to pinprick was consistent with complete division of a digital nerve. One point that is of great importance is that, in none of our study patients in whom the brachial plexus block failed, did the skin electrical resistance increase from control values. This indicates that failure of the resistance to increase from control values within 8 min of the completion of a brachial plexus block confirms an unsuccessful block.
Local anaesthetic blocks occasionally take a considerable amount of time to have full effect. The practice of continually testing skin sensation using a pin is unpleasant for the patient and rapidly destroys patient confidence if sensation is intact. The testing of sensory loss contains a highly subjective element and is, therefore, sometimes extremely difficult in the elderly, confused, young or unco-operative patient. In contrast, the measurement of skin electrical resistance is an easily performed objective test which is not distressing and requires little patient co-operation. Common clinical contaminants make very little difference to the measurement of skin electrical resistance [10] and, although premedication may affect values slightly, the almost certain presence of a control limb for comparison makes the use of skin electrical resistance testing simple and reliable.
In conclusion, we have documented that changes in skin electrical resistance occur rapidly by guest on November 7, 2016 after successful brachial plexus blockade and are an accurate guide to the onset of analgesia. Failure of skin electrical resistance to increase indicates a failed block and, for this reason, the testing of skin electrical resistance may be a more pleasant method of continual assessment of sensory loss. The technique may have indications where the need to eliminate subjective assessment of sensory block is important.
